Background: Engaging in regular physical activity has a beneficial impact on both physical health and on subjective health indicators. The aims of this study were (i) to assess the association between physical activity levels and selfreported health status in European adolescents and (ii) to identify any differences in the distribution of adolescents reporting good health between active and inactive subjects across urban areas. Methods: The study sample comprised 13 783 15-year olds from 21 urban areas across Europe who participated in the European Urban Health Indicators System Part 2 youth survey in 2010/11. Data collected on physical activity levels, self-rated health status and covariates including gender, BMI, socioeconomic status and sedentary behaviour were analyzed in a multivariable logistic regression model. Results: High levels of physical activity (OR: 1.607, 95% CI: 1.245-2.074, P < 0.001) were associated with self-rated 'good health' across the cohort as a whole. All cities except Iasi showed a positive association between high levels of physical activity and good health. This was significant in four cases: Amsterdam, Cardiff, Greater Manchester and Merseyside (P = 0.035, 0.016, 0.010 and 0.049, respectively). Only 13.3% of the cohort met the current WHO physical activity level recommendations. Conclusion: High levels of physical activity are positively associated with self-rated 'good health' status in European adolescents.
Introduction

I
t is well established that regularly engaging in physical activity has physical health benefits such as improved cardiovascular and metabolic health, weight status, bone density and psychological wellbeing in adolescents. 1 According to WHO, insufficient physical activity is the fourth leading cause of non-communicable diseases, being responsible for 5.5% of all deaths. 2, 3 In adolescents, physical activity reduces fat mass 4, 5 and risk of cardiovascular diseases in adulthood. 6, 7 In addition to this, an association has been found between physical activity levels and quality of life 8 and self-rated health status. 9, 10 In a cross-sectional study on Australian adolescents aged 11-18 years, Lacy et al 9 report that the relationship between physical activity levels (measured as frequency with which they engage in active sports or games and type of activity) and health status in adolescents follows a dose responsive pattern, i.e. as levels of physical activity increase there is a graded increase in health status. The correlation between physical activity and self-reported health status is also significant after adjusting for clustering by school and weight and even at low levels of physical activity, below current WHO recommended levels. 11 It appears that gender has an impact on the relationship between the two factors, which is stronger in boys than in girls. 10 In many studies on adolescents, health status was assessed by a single-item question. However, a single question cannot take into account current physical health, health behaviours, socio-environmental and psychological factors, which are all important aspects of health status. 12 As the construct of health status is informed by cultural and environmental influences, perception of health status may differ from country to country. 13, 14 Thus, the relationship between physical activity levels and self-reported health status may vary between countries. Currently, the limited literature comparing findings between countries supports the theory of cross-national differences in the strength of the relationship, as engaging in physical activity may have a different meaning in different cultures. 13, 15 However, in the same studies, differences were observed in the magnitude of the associations rather than the direction. 13, 15 As yet, there have been no studies looking specifically at the strength of the relationship between physical activity and selfreported health status in a pan-European sample of urbandwelling adolescents. This study used data from the EURO-URHIS 2 survey 16 to (i) examine the relationship between physical activity levels and health status in a large cohort of adolescents from heterogeneous urban areas across Europe and (ii) identify any differences in the distribution of adolescents reporting good health between active and inactive subjects across urban areas.
Methods
Data were obtained from the European Urban Health Indicators System Part 2 (EURO-URHIS 2) youth school-based survey that was conducted in 2010/11 on 15-year-olds (AE1 year). A detailed methodology of the survey design and data collection can be found elsewhere 14 but in summary, it was developed using previously validated questions from a literature review and other European surveys. The questionnaire was translated into local languages, and then back translated into English (as a check against any alteration process), and data were collected using area-specific methodologies that were validated by means of literature review, consultation and piloting. Data were collected within the same time period, allowing direct comparison. A detailed methodology of survey design and data collection can be found elsewhere. 14 The data were gathered from adolescents living in the following 19 urban areas: Amsterdam, Ankara, Birmingham, Bistrita, Bordeaux, Bratislava, Cardiff, Craiova, Glasgow, Greater Manchester, Iasi, Kaunas, Kosice, Ljubliana, Maribor, Merseyside, Oslo, Siauliai and Utrecht.
Levels of physical activity were assessed by the question: 'Over the past 7 days, on how many days were you physically active for a total of at least 60 minutes per day?' Participants who achieved this duration on all 7 days were assigned to the 'active group' because they met the WHO recommended levels of physical activity for children aged 5-17 years. 12 Participants who only achieved 60 minutes of moderate or vigorous physical activity on 6 days or fewer were assigned to the 'inactive group'.
A standard validated 5-point Likert rating scale (excellent, very good, good, fair or poor) was used to assess health status. 17 Participants who reported having excellent, very good or good health were combined into a 'good health status' group and participants who reported fair or poor health were combined into a 'poor health status' group for data interpretation purposes.
Data from a number of covariates were investigated to adjust for potential confounding. These included BMI, socioeconomic status, sedentary behaviour and gender. BMI was calculated using the following equation: [weight (kg)/height 2 (m)], and participants were stratified into an overweight or obese group (BMI ! 25.0) and a normal or underweight group (BMI < 25.0). Socioeconomic status was stratified into low affluence, medium affluence and high affluence groups. 18 Sedentary behaviour was also assessed as a covariate and groups were stratified into participants who spent more than 4 hours a day watching television or using a computer or a video game console and those who spent under four hours a day on these activities. Sedentary behaviour was tested for independence with being physically active by means of Cramer's V test. 19 All data were analyzed using the SPSS software, version 22 (IBM, Chicago, IL). 20 Cross tabulation using Fisher's exact test was performed on urban area, physical activity level and health status data to assess differences in the distribution of physically active adolescents between participants reporting good health and those reporting poor health in each city. A multivariable logistic regression model was developed to assess the independent effect of (and to adjust for) gender, BMI, socioeconomic status and sedentary behaviour. Only covariates associated with health status with a P 0.25 entered the multivariable logistic regression model. 21 The results of the regression analysis were presented with OR and 95% CI. The statistical significance threshold used throughout is a P 0.05.
Results
When considered together, 13.3% of the overall cohort met the current WHO physical activity level recommendations, which is less than the 19% of 11-to 17-year-olds reported by the WHO to be meeting physical activity targets in 2015. 39.9% of the cohort spent more than 4 hours/day engaged in sedentary behaviour. There was no association or collinearity between sedentary behaviour and physical activity (Cramér's V = 0.023). Gender was also included as a covariate. Significant differences were observed between genders in terms of levels of physical activity: males engage in physical activity at least 60 minutes every day in 17.7% of the cases, compared with 9.2% among females (Fisher's exact test P < 0.001) (data not shown). These differences were observed in all urban areas. The majority of adolescents (89.2%) reported good health status, with only 10.3% stratified into the poor health status group. Sample characteristics are summarised in table 1.
Urban area level data are presented in table 2. Maribor had the highest proportion of active adolescents meeting the WHO physical activity level recommendations (21.0%) and Bordeaux had the lowest proportion (4.5%, see figure 1 ) (data not shown).
There was a lower proportion of adolescents in Cardiff who selfreported good health status than in any other urban area (83.0%). Craiova and Maribor jointly had the lowest proportion of adolescents who self-reported poor health status (3.1%). Iasi was the only urban area where the proportion of adolescents meeting the WHO physical activity level recommendations was higher in the poor health status group than in the good health status group (18.7% vs. 13.6%). In all other cities, the proportion of active adolescents was higher among participants reporting good health. However, these differences were statistically significant only in the following urban areas: Amsterdam (P = 0.035), Cardiff (P = 0.016), Greater Manchester (P = 0.010) and Merseyside (P = 0.049).
The logistic regression analysis shows a statistically significant, positive relationship between high physical activity levels and good health status in the unadjusted model, with active adolescents reporting good health status in 93.8% of the cases, compared with 89.0% among inactive adolescents (crude OR = 1.861, 95% CI = 1.513-2.290, P 0.001), with active teenagers being more likely to report good health status. When adjusted for gender, BMI, socioeconomic status and sedentary behaviour the positive relationship between physical activity and health status was still significant (adjusted OR = 1.607, 95% CI = 1.245-2.074, P < 0.001). Gender, BMI and Family Affluence Scale were all significant covariates, with a graded increase in the association for Family Affluence Scale (the higher the level of family affluence, the higher the chance of reporting good health, see table 3).
Discussion
This study suggests that there is a positive, statistically significant relationship between physical activity and self-reported health status in a population of European adolescents adjusted for gender, BMI, socioeconomic status and sedentary behaviour. When this is analyzed by urban area, only four cities showed significant associations between physical activity and health status. This may be due to the limited sample size of each area reducing the chance of detecting associations because of lack of statistical power. Consistent with our findings, nearly all urban areas showed higher proportions of participants reporting good health in the active group (Iasi being the only exception). When considering cross-national differences in the association of the two factors, the results are similar to those found by Ianotti et al, 13 ,15 the differences probably being in magnitude rather than direction. This implies that there may be small cultural differences between urban areas in the way that both engagement in physical activity and the construct of health status are perceived. Overall, however, results suggest that increasing engagement in physical activity amongst adolescents throughout Europe may also increase perceived health.
Self-reported health status is known to be a strong and independent predictor of future health problems and of mortality. 22 Consequently, the identification of modifiable risk factors that have an impact on health status is very worthwhile. It is therefore of concern that only 13.3% of the overall cohort achieved the WHO physical activity recommendations of 60 minutes moderate or vigorous exercise per day.
These findings highlight the necessity of increasing engagement in physical activity amongst adolescents throughout Europe. The proportion of adolescents that meet WHO physical activity levels vary considerably between urban areas from 4.5% of the cohort in Bordeaux to 21.0% of the population sampled in Maribor (which also showed the highest rates of adolescents reporting good health status). Overall, West and North European cities showed lower rates of active adolescents compared with Eastern European cities and Ankara (figure 1). Many factors can have an impact on time spent engaging in physical activities and may concur to explain these differences. 23 Such factors include larger availability of sport facilities, 24, 25 weather conditions, 26, 27 larger availability of social media and videogame consoles, 24, 28 and cultural factors. 23 Finding an explanation for this West-East divide was not feasible with the available data we have and is therefore beyond the scope of this study.
A major limitation to this study is that as a cross-sectional study no causality can be established between physical activity and health status. There are a number of possible hypotheses to explain the relationship between physical activity and health status. There are two main physiological hypotheses. The first of these cites the beneficial effects of increased endorphin release on pain reduction and therefore on health status following physical activity, and the second describes the role of physical activity in altering monoamine release in the brain, which affects neurotransmission patterns and results in improved health status. 29 The psychological hypothesis describes the beneficial effects of physical activity on self-concept, which in turn reduces anxiety and depression and increases resilience, thus improving health status. 30 In the 19 cities, there was variation observed which adds credence that interventions should be tailored to each urban area. 31 The high level of missing data for BMI was due to it being calculated by the researchers from height and weight measurements conducted during the survey visits. Students had the choice of opting out of the height and weight measurement and a significant proportion of students chose to do so.
Residual confounding by variable not investigated or included in the analysis may have a significant role in the association. This may account for the variation seen between cities. However, the positive association should not have been affected.
Although contrary to normal expectations, the lack of association between sedentary behaviour and physical activity has been found previously, and it does not appear that time spent engaging in Table 2 Urban area level data for physical activity levels and health status and the differences in the strength of the relationship between the two factors across urban areas
Urban area
Poor health status Good health status sedentary behaviour directly displaces time spent engaging in physical activity. 32 Our results suggest that adolescents watching television or using a computer or a video game console do not necessarily engage in less physical activity and that sedentary activities may not affect perceived health per se, but only if they are not accompanied by the recommended amount of physical activity. This is at odds with several studies that have found time spent in sedentary activities to be an independent factor resulting in poor health status, and is an area that could benefit from further research in the future. 33, 34 Further studies to explore the reasons behind differences in the strength of association between physical activity and perceived health status across urban areas, and to assess the association itself in the non-Western world are warranted. We also need to understand 
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European Journal of Public Health which factors promote physical exercise in adolescent populations in urban areas and which factors increase the effectiveness of health promotion policies aimed at increasing levels of physical activity. Prospective intervention studies are needed in this age group in different settings to assess the relationship between increasing physical activity and improving health status.
